Seasonal development in the Canadian Beaufort Shelf during 2009
The MALINA expedition was conducted from strip between the landfast ice and the offshore pack ice, which extended the full length of the Canadian Beaufort Sea shelf. This is a feature that reoccurs each year but displays considerable temporal variability (Galley et al., 2008) . The annual peak of river discharge (>25,000 m 3 s -1 measured at the Arctic Red River location; see Fig. 10a ) in early June was extensively hindered from entering offshore waters by the solid landfast ice cover and its thick, deformed border, the Stamukhi zone. MODIS satellite images (Figures S1 and S2) show that ice break-up occurred progressively towards east in Amundsen Gulf during the first half of June and ice floes moved westward partly covering the shelf in response to sustained easterly winds. In fact, easterly along-shelf winds persisted throughout June (see Fig. 11a ). The landfast ice along the river delta, however, remained fast. The MODIS satellite images also reveal a river plume that extended from the landfast ice edge in Mackenzie Bay (westernmost part of the shelf) northwest into the pack ice ( Figure S2 ).
Mackenzie River water began overflowing the landfast ice cover by mid-June. The landfast ice cover gradually broke up during the latter part of June 2009 starting from Mackenzie Bay in the west and moving east. During this time, satellite imagery revealed large turbid surface plumes that extended northwest into the pack ice. In early July, only a section of possibly grounded landfast ice remained north of Beluga Bay and numerous ice floes were scattered over the shelf.
Wind direction changed to northwesterly in July, and wind speeds decreased markedly by the end of the month. Consequently, the river plume changed direction to flow east along the coast.
Satellite images of the period reveal a surface plume extending north of Cape Bathurst into Amundsen Gulf. Such eastward flow is a typical response of the river outflow in the absence of winds (e.g., Carmack and Macdonald, 2002) . Weak winds also kept the broken-up landfast ice floes on the shelf and the Beaufort Sea pack ice margin extended further south compared to previous and following years. Figure S1 . MODIS true-color images of the surface conditions in southern Beaufort Sea during the June to July cross-over during four years. Figure S3 shows MODIS imagery of sea-surface temperature that highlights the effects of river plume inertia. Figure . Ice coverage data from the Canadian Ice Service. The blue labels denote areas of first-year ice ('f') and multi-year ice ('m'), while numbers that follow indicate ice concentration in tenths (9+ indicates > 90 %). The areas of the two ice types are also associated with colours, green for first-year ice, and red for multi-year ice. The shade of the colours relate to ice concentration.
Examples of river plume inertia

Regression analysis for SPM vs. cp(660) and POC vs cp(660)
Three types of regression analysis for SPM vs. cp(660) and POC vs cp(660) were evaluated: (i) a linear fit, (ii) a linear fit to log-transformed data, and (iii) a nonlinear power function fit using the Levenberg-Marquardt optimization algorithm (Fig. S5 ). 
